Synthesis and evaluation of 4-substituted analogues of 5-[N,N-bis (2-chloroethyl)amino]-2-nitrobenzamide as bioreductively activated prodrugs using an Escherichia coli nitroreductase.
2,4-Dinitrobenzamide mustards, exemplified by the parent compound SN 23862 (2) are activated under aerobic conditions by an Escherichia coli nitroreductase enzyme (NR2) via selective reduction of the 2-nitro group, and are thus of interest as prodrugs for antibody-directed enzyme-prodrug therapy (ADEPT). A series of related compounds 12a-12d, where the 4-nitro group of 2 was replaced by other substituents of varying electronic properties, were prepared and evaluated as potential ADEPT prodrugs. One-electron reduction potentials of the compounds correlated well with the substituent sigma m values, with the exception of the unsubstituted (4-H) analogue 13, which had a much lower value than expected on electronic grounds, due to a coplanar conformation of the mustard. The cytotoxicities of the compounds towards aerobic UV4 cells correlated positively with the electron-donating ability of the 4-substituent (measured by sigma p values), indicating that the cytotoxicities of the compounds in the absence of the NR2 enzyme are due substantially to the parent (unreduced) compounds. A positive, although less strong, correlation was seen between the electronic properties of the 4-substituent and their cytotoxicities in the presence of the NR2 enzyme, suggesting that, in this closely related series, the degree of activation by the enzyme is significantly dependent on the reduction potential of the 2-nitro group. While the 4-SO2Me derivative 12d was the next most preferred substrate after the parent 2, it was considerably less so (degree of activation as measured by IC50 ratio of 26 compared with 145), despite the similar electronic properties of the two 4-substituents.